Introduction
Parylene is a commonly used industrial term to describe a . This is considered to be a "green process"
as no initiators or terminators are used and the process produces no by-products. As a result, the coatings are free of contaminants and chemically pure. Of particular commercial interest is the parylene HT coating which is produced from the precursor octafluoro [2.2] paracyclophane 1, commonly referred to as AF4. This compound is structurally similar to the parent [2.2] paracyclophane but the alkyl hydrogen atoms are replaced by fluorine atoms. This chemical modification results in a coating that displays significantly superior thermal and UV stability in addition to a low dielectric constant and excellent barrier properties 3, 4 . However a facile and high yielding synthesis of 1 has proven difficult and herein is discussed the advances to date in its preparation and modification. Around the same time, a similar high temperature procedure in the presence of copper was developed using p-bis-alkylhalo analogues 3 and 4 (Scheme 3) 6 . These methods did not exclusively yield 1 and a variety of cyclic and linear oligomers were also formed contributing to a yield of approximately 30% by either method. Subsequent research has focused on pathways which would lead exclusively to 1
.
Scheme 3: The preparation of p-bis-alkylsulfonyl and p-bisalkylhalo precursors for the high temperature synthesis of AF4.
The high temperature synthesis optimised by Wheelright et al. 7 remained the only route to produce 1 for almost 30 years. 
AF4.
Although this work has removed the necessity for high temperatures, it presented a new issue. An appreciable yield was only obtained when the reaction was carried out under highly dilute conditions, 1.5L of solvent yielded 1.7g of 1 (32%) and extremely slow addition of reactants was necessary. This limitation is explained on consideration of the reaction mechanism which proceeds via formation of the reactive tetrafluoro-p-xylylene 8, as evidenced by a small amount of the trimer 9 in the reaction mixture (Scheme 5).
There is an increase in the concentration of 8 as the dilution factor is decreased so it must be maintained to limit the collisions with the di-radical intermediate 10. This dilution also provides the optimal kinetic environment to minimise the bimolecular oligomerisation of the extended conformer 11. Scheme 6: A tin-catalysed debromination to yield AF4.
There was a synthesis available for the production of 1 that did not require high dilution technology and it was industrially feasible to produce the material on a kilogram scale but some issues remained. The reaction was still low yielding at 40%, there is significant cost associated with the reagents, and the use of stochiometric quantities of an organostannane is undesirable.
In a report which followed and may be considered amongst the best to date, again by Dolbier, it was shown that 1 could be produced in a 60% yield without the use of stannanes.
Treating the chloro analogue 3 with zinc dust in dimethylacetamide yielded the product without needing high dilution conditions (Scheme 7). The mechanism is not fully understood but it is believed that the coupling occurs on the metal surface. Not requiring high dilution would imply that the pathway does not involve generation of free intermediate This procedure, along with the previously mentioned zinccatalysed method, represent the current leading technology for the synthesis of 1. The yields of both procedures are comparable so when deciding which route is best it would be prudent to consider the precursor compounds required. While 12 is inexpensive and readily available in bulk commercially, 3 is not and its preparation from an inexpensive precursor could prove laborious.
There are two pathways presented in the literature to this end and these will now be considered. The first is described in a patent from the mid 1990's 15 and is summarised in Scheme 9.
Terephthalaldehyde 14 is fluorinated using sulphur tetrafluoride to yield p-bis-difluoromethyl benzene 5 16 and this is subsequently chlorinated (or brominated if desired) by a photo halogenation process to yield the desired precursor 3.
Sulphur tetrafluoride is a gas and a highly corrosive species which liberates hydrogen fluoride on contact with moisture. Scheme 10: The nitration of AF4 and subsequent modifications to yield a variety of substituted analogues
Subsequently it was shown that utilising harsher nitrating conditions could yield a di-nitro analogue of 1 in 81% yield, again using nitronium tetrafluoroborate in sulfolane but at a higher temperature. However the product was shown to be an equivalent mixture of three heteroannularly substituted isomers which may be considered pseudo-ortho 17, pseudometa 18 and pseudo-para 19 (Scheme 11). No pseudogeminal or homoannular substitution was detected.
Interestingly the pseudo-ortho isomer could be readily separated by column chromatography (along with any mono nitrated or starting material). These isomers could all be subsequently reduced to the corresponding amines followed by substitution to bromo or iodo derivatives. Attempts at the reduction of a single nitro group were achieved but were found to be low yielding at 11% 
30
. Although there were reports of opening the cyclophane system with the parent hydrocarbon 31, 32 , this occurred via the alkyl bridge carbons whereas in this case the cleavage occurs at the alkylaryl bond. It is suggested that this occurs via an SNAR pathway. . Longone generated the necessary aryne using potassium t-butoxide a method normally avoided since its original reporting 37 . This is because arynes typically react with the nucleophilic tbutoxide ion leading to significant amounts of by-product. In the case of arynes generated from 1 however this method is ideal giving excellent yields with virtually none of this by- Scheme 20: The preparation of (1,4)anthraceno-
octafluoro[2.2]paracyclophane and its dimerisation
The approach used thus far in this area was the Cram methodology but Diels Alder adducts may also be produced using the Cadogan method but gave a para isomer, indicating that this group had an activating effect. This is in agreement with a previous study of the reaction of sodium thiophenoxide and 2,3,5,6-tetrafluorobenzene 43 . The most successful bidentate ligand class were found to be catechols followed closely by bisamines. In a reaction with ethylene glycol no cyclisation product was observed. Competition experiments showed that 37 was in fact much more reactive than hexafluorobenzene under these conditions. It was determined that the most likely mechanistic pathway for these reactions is an SNAr mechanism.
Scheme 25: Nucleophilic substitution reactions of perfluoro[2.2]paracyclophanes
Monosubstituted analogues of 37 constitute a break in the symmetry and this allowed a detailed study of the spectral and conformational properties of these new analogues.
Examination of the 19 F coupling constants, particularly long range four and five bond couplings, allowed a detailed characterisation of the system and any disubstituted products could be differentiated. It was found that substitution skews the geometry of the system such that the unsubstituted ring may be drawn toward or away from the new substituent (Scheme 26). The results showed that this was not just due to the size of the substituent but is likely to be heavily dependent on the electronic environment of the aromatic rings. The experimental data was found to be in good agreement with computational models 44 .
Scheme 26: Possible conformations of the paracyclophanes system with respect to new substituent
The most recent report concerning 37 is the atropoisomerism of the acetoacetic ester produced by the reaction of 37 and ethyl acetoacetate 45 . Atropisomers are stereoisomers resulting from restricted rotation about a single bond where the barrier of rotation is sufficiently high that both isomers can be isolated. In this case the isomers were produced as a mixture (Scheme 27) in the form of a crystalline solid and it was readily determined that the compound exists purely in the enol form with no keto tautomer detected. In solution the energy barrier to rotation was found to be 23.5 Kcal mol -1 and it is suggested this is due to interference from the close fluorinated methylene bridge group. The ester was then cyclised under basic conditions to a furan product which was confirmed by NMR. Finally, computational models were used to support mechanistic theories proposed and the conformations suggested by the NMR results. 
